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(54) Method and apparatus for DC motor speed monitoring 



(57) In two embodiments of the present invention, 
the speed of a DC motor (1 2) is determined by examin- 
ing the signal at the negative terminal of the motor The 
signal is high-pass- filtered to extract the AC component 
of the signal. The frequency of this signal is, in almost 
all cases, proportional to the speed of the motor This 
signal is then fed into a comparator (26), which converts 
the signal into a square wave, which is then input into a 



microprocessor (16). The microprocessor (16) deter- 
mines the frequency of the square wave. If the frequen- 
cy of the square wave is below a threshold of acceptable 
motor speed, the microprocessor (16) can turn off the 
motor (12) and provide a malfunction indication. If the 
frequency of the square wave is above a second thresh- 
old of acceptable motor speed, the microprocessor can 
likewise turn off the motor and provide a malfunction in- 
dication. 
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D scription 

The present invention relates to the field of DC mo- 
tors, and more particularly to DC motor speed monitor- 
ing and diagnostics. 

Direct current (DC) motors are used for numerous 
applications. In many of those applications, it is desira- 
ble to know the speed at which the motor is running. 
Knowledge of the speed of the motor can help facilitate 
closed-loop control of the speed of the motor. Further, 
knowledge of the speed of the motor can be used to help 
detect motor fault conditions. For example, a motor can 
become mechanically overloaded. Such mechanical 
overloading can reduce the speed of the motor such that 
it does not operate as designed, as well as cause the 
motor to draw electrical currents above intended values. 

One way to measure speed of a motor is to monitor 
the commutator signal of the motor. The frequency of 
this signal is proportional to the speed of a DC motor 
having brushes. Further, the frequency of the signal is 
proportional in almost all cases to the speed of a brush- 
less DC motor. However, monitoring the commutator 
signal requires that an additional terminal be provided 
at the motor (as an output for the commutator signal) 
and at the controller for the motor (as an input for mon- 
itoring the commutator signal). Such increased terminal 
count increases the cost and decreases the reliability of 
the system. In some applications, such as in automo- 
biles, cost constraints and reliability requirements are 
particularly stringent. Especially in such applications, a 
speed monitoring system for a DC motor which would 
not require the additional terminals herein described 
would provide cost and reliability advantages. 

The present invention provides a method for moni- 
toring the speed of a DC motor. The method comprises 
the step of providing a DC motor having a positive ter- 
minal and a negative terminal, the positive terminal cou- 
pled to a positive-voltage power source and the negative 
terminal coupled to a voltage lower than the voltage of 
the positive-voltage power source. The method also in- 
cludes the step of detecting the frequency of a signal at 
the negative terminal of the motor. 

The present invention further provides an appara- 
tus for monitoring the speed of a DC motor. The appa- 
ratus includes a DC motor with a positive terminal and 
a negative terminal, the positive terminal coupled to a 
positive-voltage power source and the negative terminal 
coupled to a voltage lower than the voltage of the posi- 
tive-voltage power source. Further, the apparatus com- 
prises a frequency detection circuit coupled to the neg- 
ative terminal of the motor. 

The present invention also provides an apparatus 
for monitoring the speed of a DC motor. The apparatus 
comprises a DC motor with a positive terminal and a 
negative terminal, the positive terminal coupled to a pos- 
itive-voltage power source and the negative terminal 
coupled to a voltage lower than the voltage of the posi- 
tive-voltage power source. The apparatus additionally 



includes means for detecting the frequency of a signal 
on the negative terminal of the motor. 

The present invention enables the monitoring of the 
speed of a DC motor without adding terminals either to 
5 the motor or to the motor controller. In doing so, the in- 
vention provides cost and reliability advantages over al- 
ternative systems and methods for monitoring the speed 
of a DC motor. 

The invention will now be described further, by way 
of example, with reference to the accompanying draw- 
ings, in which: 

Figure 1 is a schematic drawing of a system accord- 
ing to one embodiment of the present invention; 
Figure 2 is an illustration of three signals within the 
system of Figure 1 and within the system of Figure 
3; and 

Figure 3 is a schematic drawing of a system accord- 
ing to a second embodiment of the present inven- 
tion. 

Referring to Figure 1, one embodiment of the 
present invention will be described. Figure 1 illustrates 
motor 12 and controller 14. Motor 12 is a brushless DC 
motor. 

In Figure 1 , motor 1 2 is connected at its positive ter- 
minal to ignition voltage of a motor vehicle (nominally 
12 volts). The negative terminal of motor 12 is connect- 
ed to ground through resistor 20 within electronic mod- 
ule 14. One will recognise that motor 12 is intended in 
this case to be operated at a single speed, always in- 
tended to have a constant nominal voltage (here 12 
volts) across it. 

Electronic module 1 4 can provide a number of func- 
tions on the motor vehicle in which it is installed. One of 
such functions is monitoring the speed of motor 12. An- 
other such function is logging and/or communicating a 
malfunction indication if the speed of motor 1 2 is out of 
its normal operating range. 

Electronic module 1 4 monitors the signal at the neg- 
ative terminal of motor 12. That signal (which is also at 
node 21 within electronic module 14) is illustrated as 
curve (a) in Figure 2. This curve illustrates that the signal 
at node 21 has an alternating current (AC) component 
as well as a direct current (DC) offset. The AC compo- 
nent is a consequence of the commutation occurring 
within motor 12. 

Also within electronic module 14, capacitor 22 pro- 
vides a small amount of low-pass filtering to remove high 
frequency noise from the signal on the negative terminal 
of motor 1 2. Capacitor 24 then provides high-pass filter- 
ing of the signal, to extract the alternating current (AC) 
component of the signal. The signal at node 25 (i.e., the 
output of the high-pass-fiitering provided by capacitor 
24) is illustrated as curve (b) at Figure 2. This curve il- 
lustrates that the DC offset shown in curve (a) is now 
substantially removed. 

The signal is next fed into the non-inverting input of 
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comparator 26, The inverting input of comparator 26 is 
connected to ground. Comparator 26 converts the sig- 
nal at node 25 into a square wave, illustrated as curve 
(c) at Figure 2. The square wave has a "high" amplitude 
(preferably 5 volts) when the signal at node 25 is greater & 
than zero volts, and a "low" amplitude (preferably near 
zero volts) when the signal at node 25 is less than zero 
volts. 

Microprocessor 1 6 then takes the square wave pro- 
duced by comparator 26 and measures its frequency. 10 
(Those skilled in the art will recognise that there numer- 
ous ways for microprocessor 16 to measure frequency, 
including both hardware and software timers. Any such 
method of measuring frequency will work in the present 
invention.) If a 68HC11 -series microprocessor is used, is 
the square wave can be connected to an "input capture" 
input of microprocessor 16. When an edge of the square 
wave occurs, an interrupt is generated. The software in 
the microprocessor can then determine the elapsed 
time since the last pulse of the square wave, thus de- 20 
termining the frequency of the signal. The frequency of 
the signal is proportional to the speed of motor 1 2 for all 
cases except when motor 12 is stalled. When a brush- 
less DC motor is stalled, the commutation signal gener- 
ated by electronics within the motor typically goes to a 25 
high frequency. That frequency is reflected in the signal 
measured at node 21. 

Microprocessor 16 compares the measured fre- 
quency against two predetermined frequencies. The 
first predetermined frequency is a lower limit for the ac- 30 
ceptable speed of motor 12. This limit is preferably a 
function of ignition voltage, because the speed of motor 
12 is a function of ignition voltage. If the measured fre- 
quency is below this lower limit, microprocessor 16 rec- 
ognises that motor 12 is rotating too slowly. The likely 35 
cause of this condition is an obstruction which slows the 
motor's rotation. Microprocessor 16 then provides a 
malfunction indication through (for example) lighting a 
warning lamp, logging a diagnostic trouble code in mem- 
ory within electronic module 14, and/or communicating 40 
to another electronic device on the vehicle that motor 
12 is not rotating within its intended speed range. 

The second predetermined frequency is an upper 
limit of acceptable frequency. As with the lower limit, the 
upper limit is preferably a function of ignition voltage. If 45 
the measured frequency is above the upper limit, a likely 
cause is motor 12 being stalled, at which point the elec- 
tronics in motor 12 will typically generate the above-de- 
scribed commutator pulses of high frequency. Micro- 
processor 16 then provides a malfunction indication so 
through (for example) lighting a warning lamp, logging 
a diagnostic trouble code within electronic module 14, 
and/or communicating to another electronic device on 
the vehicle that motor 12 is not rotating within its intend- 
ed speed range. ss 

A second embodiment of the present invention is 
illustrated in Figure 3. Here, motor 42 is a motor with 
brushes. Motor 42 is connected at its positive terminal 



to ignition voltage, typically 12 volts. The negative ter- 
minal of motor 42 is connected to the output of motor 
driver module 44, which will be described in more detail 
below. Motor driver module 44 is connected to controller 
46. 

Controller 46 comprises microprocessor 48. Micro- 
processor 48 controls the speed of motor 42 through 
providing a pulse-width-modulated (PWM) signal to dig- 
ital-to-analogue (D/A) converter 50. The analogue out- 
put of D/A converter 50 is provided to motor driver mod- 
ule 44. It can be recognised that this particular system 
allows controller 46 to command motor 42 at variable 
speeds. 

Within motor driver module 44, the signal from D/A 
converter 50 is provided to transistor 52, whose output 
is coupled to the negative terminal of motor 42. Transis- 
tor 52 will turn on motor 42 to a speed determined by 
the magnitude of the voltage of the signal provided to 
transistor 52 by D/A converter 50. 

The signal at the negative terminal of motor 42 is 
provided through resistor 54 to controller 46. Within con- 
troller 46, capacitor 56 provides a small amount of low- 
pass filtering to reduce high-frequency noise. The signal 
at node 57 is illustrated as curve (a) of Figure 2. As has 
been discussed in connection with the embodiment of 
Figure 1, the signal illustrated at curve (a) has an AC 
component and a DC offset. 

The signal is then provided to capacitor 58, which 
high-pass-filters the signal to extract the AC component. 
The signal at node 59 (the output of capacitor 58) is il- 
lustrated as curve (b) of Figure 2. Here, the DC offset of 
curve (a) is reduced or substantially removed. 

The signal is next provided to the non-inverting in- 
put of comparator 60. The inverting input of comparator 
60 is connected to ground or to a voltage divider com- 
prising resistors 62 and 64. (Whether ground or a volt- 
age divider is used depends upon how much DC offset 
remains in the signal at the non-inverting input of com- 
parator 60. Ground is preferably used if little or no DC 
offset remains.) The output of comparator 60 is a square 
wave, preferably with an amplitude of 5 volts. This 
square wave has the 5-volt amplitude when the signal 
at the non-inverting input to comparator 60 is greater 
than the signal at the inverting input, and an amplitude 
near zero volts otherwise. 

Microprocessor 48 compares the measured fre- 
quency against a predetermined frequency. The prede- 
termined frequency is a lower limit for the acceptable 
speed of motor 42. (This limit is preferably a function of 
ignition voltage and of the output voltage of D/A convert- 
er 50, because the speed of motor 42 is a function of 
those two variables.) If the measured frequency is below 
this lower limit, microprocessor 48 recognises that mo- 
tor 42 is rotating too slowly. The likely cause of this con- 
dition is an obstruction which impedes or completely 
stalls the motor's rotation. Such a condition likely is ac- 
companied by an excessively large current draw by mo- 
tor 42. As a result, if the measured frequency is below 
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the lower limit, microprocessor 48 turns off motor 42 as 
a protection measure. Microprocessor 46 can also pro- 
vide a malfunction indication through (for example) light- 
ing a warning lamp, logging a diagnostic trouble code 
within controller 46, and/or communicating to another 
electronic device on the vehicle that motor 42 has a mal- 
function. 



Claims 

1. A method for monitoring the speed of a DC motor, 
said method comprising the steps of: 

providing a DC motor (1 2) having a positive ter- 
minal and a negative terminal, the positive ter- 
minal coupled to a positive-voltage power 
source and the negative terminal coupled to a 
voltage lower than the voltage of the positive- 
voltage power source; and 
detecting the frequency of a signal at the neg- 
ative terminal of said motor. 

2. A method as claimed in Claim 1 , wherein said step 
of detecting comprises the step of high -pass filter- 
ing said signal at the negative terminal of said motor 
to produce a high-pass-filtered signal. 

3. A method as claimed in Claim 2, wherein said step 
of detecting further comprises amplifying said high- 
pass-filtered signal to produce a square wave. 

4. A method as claimed in Claim 3, wherein said step 
of detecting further comprises the step of measur- 
ing the frequency of said square wave. 

5. A method as claimed in Claim 1 , further comprising 
the steps of: 

comparing said frequency to a first predeter- 
mined value; and 

disabling said motor if said frequency is less 
than said first predetermined value. 

6. A method as claimed in Claim 5, further comprising 
the steps of: 

comparing said frequency to a second prede- 
termined value; and 

disabling said motor if said frequency is greater 
than said second predetermined value. 

7. A method as claimed in Claim 1 , further comprising 
the steps of: 

comparing said frequency to a first predeter- 
mined value; and 

providing a malfunction indication if said fre- 



quency is less than said first predetermined val- 
ue. 

8. A method as claimed in Claim 7, further comprising 
s the steps of: 

comparing said frequency to a second prede- 
termined value; and 

providing a malfunction indication if said fre- 
10 quency is greater than said second predeter- 

mined value. 

9. A method as claimed in Claim 8, wherein said motor 
is brush less. 

15 

1 0. An apparatus for monitoring the speed of a DC mo- 
tor, said apparatus comprising: 

a DC motor (12) with a positive terminal and a 
20 negative terminal, the positive terminal coupled 

to a positive-voltage power source and the neg- 
ative terminal coupled to a voltage lower than 
the voltage of the positive-voltage power 
source; and 

2S a frequency detection circuit (14) coupled to 

said negative terminal of said motor (1 2). 

11. An apparatus as claimed in Claim 10, wherein said 
frequency detection circuit comprises a high-pass 

30 fitter coupled to said negative terminal of said motor, 
said high-pass filter having an output. 

12. An apparatus as claimed in Claim 11 , wherein said 
frequency detection circuit further comprises: 

35 

a comparator coupled to said output of said 
high-pass filter, said comparator having an out- 
put; and 

a microcomputer coupled to said output of said 
40 comparator and adapted to detect the frequen- 

cy of a signal at the output of said comparator. 

13. An apparatus as claimed in Claim 12, wherein said 
motor is brushless. 

45 

14. An apparatus for monitoring the speed of a DC mo- 
tor, said apparatus comprising: 

a DC motor with a positive terminal and a neg- 
50 ative terminal, the positive terminal coupled to 

a positive-voltage power source and the nega- 
tive terminal coupled to a voltage lower than the 
voltage of the positive-voltage power source; 
and 

55 means for detecting the frequency of a signal 

on said negative terminal of said motor. 

15. An apparatus as claimed in Claim 14, wherein said 
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frequency-detecting means further comprises: 

means for extracting an AC component of said 
signal on said negative terminal of said motor; 
and 5 
means for detecting the frequency of said AC 
component. 

16. An apparatus as claimed in Claim 14, further com- 
prising means for comparing said detected f requen- 10 
cy to a first predetermined value. 

17. An apparatus as claimed in Claim 16, further com- 
prising means for disabling power to said motor if 
said detected frequency is less than said first pre- is 
determined value. 

18. An apparatus as claimed in Claim 16, further com- 
prising means for providing a malfunction indication 

if said frequency is less than said first predeter- 20 
mined value. 

19. An apparatus as claimed in Claim 18, further com- 
prising means for comparing said detected frequen- 
cy to a second predetermined value. 25 

20. An apparatus as claimed in Claim 19, further com- 
prising means for providing a malfunction indication 
if said detected frequency is greater than said sec- 
ond predetermined value. 30 



35 



40 



45 



SO 



55 



5 



EP 0 730 156 A1 




21.57, 



Volts 



AAAAAAAAAAA^ 



Volts 



25,59. 



AAAAAAAAAAA 



Time 
(b) 



Time 



76,60 



Volts 



nnnnnnnnnnn 



(c) 



Time 



6 



EP 0730 156 A1 




7 



EP 0 730 156 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 96 30 0537 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Y 
A 

Y 
A 



Citation of document with indication, where appropriate, 
of referent passages 



DE-A-38 24 811 (ALFRED TEVES GMBH & CO 
OHG) 

* column 3, line 4-64; figures 1,2 * 



DE-A-39 35 585 (PROF. DR.-1NG. DIETER 
FILBERT) 

* column 1, line 27 - column 2, line 24; 
figure 1 * 

IBM TECHNICAL DISCLOSURE BULLETIN, 
vol. 37, no. 12, 1 December 1994, 
page 281/282 XP000487785 "BRUSHLESS DC 
MOTOR FAULT DETECTION CIRCUIT" 

* page 281, line 1 - page 282, line 35; 
figures 1,3 * 



The present search report has been drawn up for all i 



I, 10, 
14-16 
2,3,5, 

II, 17 

1,10, 
14-16 
2,4,11 



1,4,7,9, 
13,15,18 



Ham of tearta 

THE HAGUE 



04* «f caapKrhw of Ike letn* 

14 June 1996 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CL6) 



G01P3/48 



TECHNICAL FIELDS 
SEARCHED <lnt-CL6) 



G01P 



Hansen, P 



CATEGORY OF CITED DOCUMENTS 

X : particularly rdcvaad if taken aloe* 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : Intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 



A : member of the same patent family, corresponding 



8 



